the nervous system delays reactions to a stimulus and slows the nerve impulse transmission time, which impairs body balance (Lee, Lee, & Song, 2014) . Especially, decrease in muscle strength impairs the daily activity of the elderly, which leads to a decrease in quality of life (Jette & Branch, 1981) . One of the important factors that improve the quality of life in the elderly is the ability to maintain body balance, which is the most basic function for daily physical activities, and it refers to the ability to sustain stability (Cohen, Blatchly, & Gombash, 1993; Wade & Jones, 1997) .
Balance ability is considered as the most important function in the elderly, as it is closely related to the risk of falls, and deterioration of vision, vestibular organ, proprioceptive organ, and the musculoskeletal system impairs balance ability (Shumway-cook & Woollacott, 1995) . Furthermore, a poor balance in the elderly decreases dynamic balance ability such as gait ability due to deterioration in body balance control function, and increases the risk of falls accordingly (Province et al., 1995; Lockhart, Smith, & Woldstad, 2005; Bird, Hill, Ball, & Williams, 2009 ). Importantly, gait, the most prevalent movement activity in daily life, is very closely related to the balance ability of the elderly and directly related to the risk of falls. Lee et al. (2010) reported that when balance became unstable during gait, continuous balance adjustment was required between the lower limbs or between lower and upper limbs to maintain the stability in the elderly . Cromwell and Newton (2002) found that the ability of propulsion of the body was intimately related to stability, and unstable gait was caused by the functional deterioration of joint muscles of lower extremity (Kerrigan et al., 1998) . Therefore, aging impairs the function of the lower limbs and stability during movement, which results in smaller stride and slower walking speeds, and these can be risk factors for falls in the elderly (Park, Choi, & Hwang, 2002) .
When the insole or other types of support are used in shoes, the plantar pressure can be distributed, and almost normal gait can be achieved when electromyogram activities and movement analysis are evaluated. Therefore, many products have been developed to provide these benefits. Products of various designs are available, but the effects and benefits are similar, including proper posture, stability in gait, pain relief, and joint function restoration (Song, Lee, Baek, & Park, 2008) . Min-Chi and Mao-Jiun (2007) reported that, when arch support was used in shoes for people who stand for long periods, a greater contact area could disperse the arch pressure. Donovan, Mary, Paul, Kirk and Michael (2007) also observed stress reduction and pressure distribution when a metatarsal pad was used.
Plantar foot pressure improved and enabled normal gait with foot orthotics (Lee, Lee, Lee, & Park, 2007) . Song, Lee, Baek and Park (2008) showed that the foot pressure was distributed in the exterior of the rear-foot without foot orthotics, while the pressure distribution was observed in the center and left side of the forefoot with foot orthotics.
The results imply that foot orthotics absorbed the shock relatively well and contributed to increased propulsion.
This study attempts to investigate the plantar foot pressure and static balance, which are intimately related to falls and injury in the elderly, using two ways. First, the effect of the type of insole on foot pressure and the maximum vertical ground reaction force (GRF) was investigated in the elderly. Second, the effect of the type of insoles on static balance during standing in the elderly was examined. This study quantitatively measured the pressure during gait and the static balance during standing in elderly women with different types of insoles to provide necessary information for the prevention of plantar injury, such as stress fracture in the metatarsal bone or plantar fasciitis, and falls. Therefore, with the different types of insoles, this study analyzed the mean foot pressure, maximum foot pressure, and plantar pressure distribution during treadmill walking and static balance with open and closed eyes.
II. METHODS

Subjects
Subjects were recruited from the lifelong education center in S University in Busan, with either heel striking or normal gait, and sensors were attached sequentially for foot pressure measurement. Subjects with low-arched foot and high-arched foot were excluded. Among subjects KJSB Analyses of Plantar Foot Pressure and Static Balance According to the Type of Insole in the Elderly 117 http://e-kjsb.org with no history of lower limb injury within the last 1 year, 13 subjects met the criteria for selection.
All subjects received adequate explanations of the purpose of the study prior to the experiment and signed a voluntary agreement. The characteristics of subjects are shown in (Table 1) . 
Insole model
Experiment procedures and equipment
The equipment used in the study is shown in (Table 2) . When an error took place in the sensor during the experiment, the experiment was resumed after resetting the equipment and resolving the error. For the pressure measurements, the plantar region was divided into three regions, forefoot, midfoot, and rearfoot, by creating a mask as shown in (Figure 3 ) (Park et al., 2011) , and the sensor detected the pressure per unit area. In order to objectively measure the plantar pressure by adding the pressure of each area together and utilizing Pedar-X system, mean foot pressure, maximum foot pressure, vertical GRF, and foot pressure distribution were measured. 
2) Static balance test
Data analysis
The average value from the three measurements made with natural gait was used, and the plantar pressure of 20 walking steps from each foot were used in case of one time measurement, using the software provided with the Pedar-X system. For statistical analysis, data from the fore- 
III. RESULTS
The analyzed data from the foot pressure measurements during treadmill walking and static balance test during standing were as follows:
The mean foot pressure
The mean foot pressure analyzed by the software provided with the Pedar-X system at walking speed of 3.3 km/h for each type of insole is shown in ( In the case of the midfoot region, the lowest foot pressure was observed with the 3D insole in both left and right feet (p<.05 and p<.01, respectively), followed by the normal insole, and triangle insole in the order of increasing mean foot pressure.
In the case of the rearfoot region, the order of the mean foot pressure was normal insole > triangle insole > 3D insole (p<.001).
The maximum foot pressure
The maximum foot pressure analyzed by the software provided with the Pedar-X system at a walking speed of 3.3 km/h for each type of insole is shown in ( 
The maximum vertical ground reaction force
The result of the maximum vertical GRF analyzed by the software provided with the Pedar-X system at walking speed of 3.3 km/h for each type of insole after normalization by the weight of each subject is shown in ( Table   5 ). The highest GRF was observed in the forefoot region in both left and right feet with the normal insole (9.43±
1.86 N/kg and 9.62±2.20 N/kg, respectively), and the lowest GRF was observed in the forefoot region in both left and right feet with the 3D insole (8.61±1.99 N/kg and 9.01±
1.91 N/kg, respectively), but without statistical significance.
In the case of the midfoot region, the highest GRF was observed in both left and right feet with the triangle insole (4.88±0.81 N/kg and 4.70±0.70 N/kg, respectively), but without statistical significance. In the case of the left rearfoot region, the lowest GRF was observed with the 3D insole (5.41±1.06 N/kg), and the highest GRF was observed with the normal insole (6.21±1.08 N/kg; p<.01). 
The foot-pressure distribution per region
The foot-pressure distribution analyzed by the software provided with the Pedar-X system at walking speed of 3.3 km/h for each type of insole is shown in (Figure 5 ). The red color indicates the region with high foot pressure.
Compared to the normal insole, the 3D insole and triangle insole substantially decreased the excessive foot pressure in the forefoot region and provided a uniform distribution of the foot pressure overall.
The static balance test during standing
The results of the weight center change during standing measured by static balance measurement equipment for 20 sec in both open eyes and closed eyes conditions are summarized in (Table 6 ) and ( 
The mean foot pressure
An insole is directly inserted into the shoes and enhances the wearing comfort by protecting the foot from shock.
Moreover, it has been reported that the insole prevents flattening of arch during movement or walking by minimizing the gap during the contact at different heights of the foot arch (Kogler, Solommidis & Paul, 1995) . Park et al. (2011) reported that the functional insoles could relieve foot stress by increasing the contact area of the sole, compared to a normal insole. However, Nigg (2001) suggested that a shock-absorbing insole could reduce the risk of injury, but might not reduce the risk of fracture. Jo (2004) analyzed the plantar pressure with five type of insoles made of different materials and found that Arufoam could absorb shock in the rearfoot region, x2 well dispersed the shock, and Plastazote could disperse the pressure near the toe. Woo et al. (2015) reported low plantar pressure and GRF in both forefoot and rearfoot regions with functional insoles, and Lee (2011) observed a reduction in the plantar pressure in the interior rearfoot region with increasing angle of the interior foot arch. Kim (2011) found that a higher angle of the insole in the rearfoot region could better disperse the foot pressure, but without statistical significance. Kim (2008) reported an increase in the hardness of the insole could better absorb shock, and triangle insole and especially, the 3D insole, showed substantial decrease in the plantar pressure in the forefoot region and rearfoot region,. The decrease in the foot pressure was more prominent with the 3D insole, and the triangle insole, which supports the interior foot arch, could disperse the high foot pressure in the forefoot and rearfoot regions by increasing the foot pressure in the midfoot region. These results agree with previous studies in the literature. This study showed that two functional insoles resulted in a lower mean foot pressure in both the forefoot and rearfoot regions than a normal insole. Therefore, the functional insole is considered protective for the foot by distributing the foot pressure.
The maximum foot pressure and vertical GRF
The human body receives the impact force from the ground during movement, such as walking or running. This force is transmitted to the body via the foot and can act as a stress on tendons and ligaments. The repeated and excessive stress to the body can potentially cause injuries, such as back pain (Wosk & Voloshin, 1982) or stress frac- (Milgrom, 1985) . Meanwhile, the elasticity and strength of the muscle could decrease greatly in the elderly, because of deterioration with age. Therefore, their susceptible body leads to an increase in the risk of injury even if the amount of stress is not excessive. The benefits of foot orthotics or insole can be classified into two types: one by uniformly distributing the pressure throughout the sole, such that a specific region with high foot pressure can be relieved (Jin, 2007) , and another, by repositioning and supporting the foot in an ideal position (Hunter, Dolan, & Davis, 1995) .
Moreover, Song (2008) mentioned that foot orthotics could be used for foot arrangement, foot support, prevention, and correction of foot deformity, and enhancement of foot function. Foot orthotics is used to decrease the vertical impact and to prevent excessive supination and pronation, which are the basic causes of the lower limb injury, and according to several studies (Gross et al., 1993; Kang, 2008; Lee, 2010; Hyung, 2008) . The movement across the coronal plane in the calcaneus has been considered as an important indicator for the pronation of foot, and the most important purpose of an insole treatment is to control the excessive foot pronation. The excessive movement in the rearfoot region and abnormal lower leg alignment are closely related to lower limb injury.
These previous studies suggest that it is preferable to reduce the impact in walking by decreasing the maximum plantar pressure and maximum vertical GRF, and our study showed that the maximum plantar pressure and maximum vertical GRF were lower with the 3D insole or triangle insole than with the normal insole in both left and right feet. Therefore, our results suggest that the functional insoles can more significantly reduce the risk of lower limb damage and injury from excessive load during movement in the elderly by decreasing the impact on the sole than the normal insole.
The foot-pressure distribution per region
Repeated shock in the foot has been reported to increase the risk of injury (Olsen, Myblebust, Engebrestsen, & Bahr, 2004; Hootman, Dick, & Agel, 2007; Woo et al., 2015) . Therefore, previous studies suggest that concentrating the foot pressure onto one region during walking is not appropriate due to increased overload. When the foot pressure distribution was visualized by color, it was found that the foot-pressure was more dispersed with the 3D insole or triangle insole when compared to the normal insole, especially in the forefoot region. Particularly, the red and purple distribution shown in (Figure 4) was not considered appropriate as the overload was concentrated on one region, and similar distribution was observed with the normal insole. Especially, the elderly are more susceptible to overload than those in their middle age, so the functional insole will allow the elderly to walk with a more uniform gait.
The static balance test during standing
Previous research has utilized a force platform in standing to study the change of the center of pressure and correlated it with the balance ability. Yoon, Park and Kim (2002) reported that the weight-bearing ratio was significantly increased when the shoes were elevated by 10 mm in the affected side, and Hong (2003) observed a significant change in the balancing ability when the lateral wedge insole was used in the paralyzed side shoe in patients with hemiplegia during exercise training. In addition, Jin (2007) found an increased balancing ability of the front, back, left, and right side when the subjects received custom orthotics during a 10-week walking exercise. Yang (2013) studied the static balance during standing in 30 high school students with socks, insole, and shoes to raise their height, and found the best balancing ability with the barefoot followed by shoes with insoles. This study examined the change in the center of pressure during 20 s of standing with open eyes or closed eyes, and no statistical significant difference was observed between the normal insole and functional insoles, which did not agree with previous study results. Winter (1995) suggested that the forward or backward movement of the center of pressure during standing was controlled by the dorsiflexor or plantar flexors. Therefore, when measuring the static balance with foot orthotics or functional insoles without enough acclimatization and training period, these contributed little to the activation of dorsiflexor muscles in the elderly during standing. The results from the study are expected to assist in gait training of musculoskeletal and neurological patients, and to build basic scientific data for the development of insoles that can more effectively prevent foot injury and falls in the elderly during treadmill walking.
The currently available foot orthotics and insoles are usually replicated from existing foreign models, and their efficacy needs to be verified scientifically. Therefore, in order to develop or apply new products for gait training, the commercial products have to be examined and validated through various methods from an ergonomic viewpoint.
